It is becoming more apparent each day that despite a strong national commitment to excellence in health care, the resources and personnel are finite. It is, therefore, appropriate that the medical profession examine the impact of developing technology on the practice and cost of medical care. Such analysis, carefully conducted, could potentially impact on the cost of medical care without diminishing the effectiveness of that care.
Preamble
It is becoming more apparent each day that despite a strong national commitment to excellence in health care, the resources and personnel are finite. It is, therefore, appropriate that the medical profession examine the impact of developing technology on the practice and cost of medical care. Such analysis, carefully conducted, could potentially impact on the cost of medical care without diminishing the effectiveness of that care.
To this end, the American College of Cardiology and the American Heart Association in 1980 established a Task Force on Assessment of Diagnostic and Therapeutic Cardiovascular Procedures with the following charge:
The Task Force of the American College of Cardiology and the American Heart Association shall define the role of specific noninvasive and invasive procedures in the diagnosis and management of cardiovascular disease.
The Task Force shall address, when appropriate, the contribution, uniqueness, sensitivity, specificity, indications, contraindications and cost-effectiveness of such specific procedures. The In turn, this has led to some broadening of the indications for coronary angiography and, in some settings, overuse of both coronary angiography and angioplasty has been suggested. Accordingly, it was recommended that this Subcommittee review current indications and develop guidelines for the use of coronary angioplasty. In doing so, we have proceeded on the premise that, because diagnostic coronary angiography is essential for undertaking coronary angioplasty, all of the indications and guidelines for prudent coronary angiography, promulgated in an earlier ACC/AHA Task Force report, have been met. 2 Because the technique of angioplasty is in evolution and the intermediate-term results are not yet fully elucidated, these recommendations are likely to change over the years. This report is not intended to provide strict indications or contraindications for the procedure because multiple variables must be weighed in selecting the individual for balloon angioplasty treatment. These relevant considerations include occupational needs, the family setting, associated illnesses, and individual preferences concerning life style. Rather, the report is intended to provide general guidelines that may be helpful to the practitioner as well as to health care administrators and other professionals interested in the delivery of today's medical care. The American College of Cardiology and the American Heart Association recognize the fact that the ultimate judgment regarding the propriety of any specific procedure is the responsibility of the physician caring for the patient. The guidelines should not be considered all inclusive or exclusive of other methods that may be available for the care of the individual patient. The Subcommittee will not offer detailed recommendations concerning the specific resources required to perform coronary angioplasty or to train individuals performing the procedure. It is essential that physicians performing angioplasty and other related procedures are adequately trained, that facilities and equipment used are capable of obtaining the necessary radiographic information, and that the safety record of the laboratory is acceptable. Some current thoughts related to training, credentialing, and facilities required to engage in present day angioplasty are presented in Appendixes A and B.
The format of this report includes some general considerations that provide a brief historical review of the growth and development of the procedure, identification of contraindications to its use, and a statement acknowledging general risks associated with angioplasty. This is followed by a brief discussion of considerations unique to angioplasty and include an enumeration of those factors currently recognized as influencing a successful outcome, the requirement for surgical backup, angioplasty performed at the time of initial catheterization, management of the patient after angioplasty, the problems of restenosis and incomplete revascularization, and the need for institutional mortality/morbidity review committees. Lastly, specific guidelines for the application of coronary angioplasty are presented; these tarily collect data on an additional 2,500 patients. These recent additions to the Registry indicate that the immediate success rate (defined as >20% change in luminal diameter narrowing without the occurrence of death, myocardial infarction or bypass operation during hospitalization) increased to 78% compared with 61% in the initial patient cohort. 13 Despite a recognized change in the case mix to more complex cases, the rate of nonfatal myocardial infarction decreased from 4.9 to 4.3% and emergency coronary artery bypass graft surgery from 5.8 to 3.4%; the mortality rate remained unchanged (1.2 versus 1.0%). Whereas only 25% of patients in the initial Registry had multivessel disease, 53% were so categorized in the most recent Registry. This subgroup of patients in the new Registry (that is, patients with multivessel coronary artery disease) had an overall success rate of 73%. However, when the data are analyzed for completeness of revascularization, defined in the conventional manner as no residual lesions of >50% narrowing, only one-third of the patients qualified.'4 Such data must be viewed in the context that balloon angioplasty is not currently undertaken when lesions have 50 to 60% luminal diameter narrowing or when chronic total occlusions are present.
The long-term benefit of angioplasty has been examined in the first PTCA Registry group for which >5 years of follow-up are available.'5 After hospital discharge the annual mortality rate is low, approximately 1% per year, and the rate of nonfatal myocardial infarction is also low at 2% per year. Symptomatic improvement in the successful cases was high with 70% of the patients pain-free at 4 years. Freedom from major cardiac events (death, myocardial infarction, need for bypass surgery) over a 5 year period of follow-up of a large series from one major center was reported to be 79%. 16 These data, although they do not address the problem of restenosis and are derived from a population in which 75% of the patients had single vessel disease, do indicate that long-term clinical benefit without increased risk of death or myocardial infarction can be expected after angioplasty. Follow-up information on patients exclusively with multivessel disease is less complete. Cowley et al'7 reported initial success in 92% of patients with multivessel coronary artery disease, with 48% of the patients asymptomatic and 82% symptomatically improved at a mean follow-up time of 24 months. A follow-up study of 605 patients undergoing angioplasty for multivessel disease at Emory University demonstrated a 3 year freedom from cardiac event rate of 83%. 18 Preliminary findings in the National Heart, Lung, and Blood Institute Registry indicate a freedom from death, myocardial infarction, or surgery after 1 year of follow-up in 75% of 402 patients with multivessel disease. '9 In these studies restenosis with subsequent hospitalization for redilation was not considered a cardiac event but viewed as an integral part of the strategy of angioplasty.
Comparison with bypass surgery. Whereas angioplasty now is applied successfully to patients with multivessel coronary artery disease,'32.2 it must be viewed in comparison with coronary bypass surgery. The operative mortality rate for patients undergoing elective bypass surgery has steadily fallen and now approximates 2% in most centers.2' Although it is recognized that >50% of bypass grafts will occlude after 10 years,22 internal mammary artery bypass grafts may provide a superior conduit with improved long-term patency. Indeed, recent studies23 suggest that a patency rate of >90% at 10 years can be achieved. Because coronary angioplasty requires visualization of the coronary anatomy as well as systemic arterial and venous access, patients undergoing the procedure are at risk for the same potential complications that are known to be associated with diagnostic cardiac catheterization. Included are arterial or venous obstructions, vessel perforations, bleeding, hypersensitivity reactions, and infection. Myocardial infarction, stroke, and death can also occur as a result of cardiac catheterization but are infrequent.
Specific complications can occur that are directly related to the coronary angioplasty procedure. Balloon inflation results in localized trauma to the coronary artery wall; the net result is usually atheroma fracture and arterial expansion that produce an increase in the luminal area available for blood transport. At times, balloon inflation or guide wire or catheter manipulation can cause more extensive arterial wall damage with medial dissection and the creation of an occlusive intimal flap. Thrombus formation also may occur at the dilation site. Either of these two latter consequences can exacerbate coronary narrowing and result in progression to abrupt total coronary artery occlusion. In the absence of a well developed collateral circulation, acute coronary occlusion usually results in severe myocardial ischemia and myocardial infarction that, if extensive or in the setting of preexisting impaired left ventricular systolic function, may cause hemodynamic collapse and death. The most recent data in the National Heart, Lung, and Blood Institute Registry (derived from very experienced centers) indicate that the procedure is still associated with a 1% in-hospital mortality rate and an incidence rate of nonfatal myocardial infarction of approximately 4%, although the need for emergency bypass surgery has decreased to about 3.5%. 13 In a recent study,32-investigators reported a death rate of 0.2% for patients undergoing elective angioplasty at two experienced centers.
If coronary occlusion should occcur, recrossing the occluded segment and repeating balloon inflation, inserting a perfusion catheter or using thrombolytic or vasodilator agents can, on occasion, reestablish coronary artery patency and relieve ischemia. Prolonged maneuvers to this end are discouraged because emergency surgical revascularization may be delayed. The use of intraaortic balloon counterpulsation in the setting of acute coronary occlusion may reduce the magnitude of ischemia and augment systemic perfusion. When needed, surgical revascularization should be undertaken immediately because of known time limitations on preserving ischemic myocardium. The probability of myocardial infarction is high and mortality is increased when coronary artery surgery is undertaken on an emergency basis; reports33-35 indicate a 25 to 40% incidence rate of nonfatal new Q wave infarctions among patients undergoing emergency surgery after failed angioplasty.
Other infrequent complications unique to coronary angioplasty include intracoronary embolization of atherosclerotic or thrombotic material, coronary perforation, laceration, or rupture of a coronary artery with subsequent hemopericardium and tamponade. E. Need for Surgical Backup
An experienced cardiovascular surgical team should be available within the institution* for emergency surgery for all angioplasty procedures. The Subcommittee feels strongly that there should be no exception to this requirement and holds the position that all arrangements requiring the transportation of patients to offsite surgical facilities for such emergency surgery fail to meet the necessary standards of care exercised by prudent physicians and cannot be condoned.
A formal surgical consultation for elective angioplasty provides a means for a second opinion to the cardiologist, the patient, and the family, and represents the ideal approach because it underscores the reality of potential, serious complications and the need for a team approach. However, this is often impractical, may introduce delay in the procedure, and lengthen the hospital stay. It is appropriate, however, to obtain prior surgical and anesthesiology consultations on all patients identified as being at high risk for abrupt vessel closure as well as those patients judged to be high risk surgical candidates because of age, markedly impaired ventricular function, or associated medical disorders such as chronic pulmonary disease, cerebrovascular disease and the like. The exact arrangement for surgical standby will vary from institution to institution depending on such obvious factors as the number of operating rooms available for cardiac surgery and the number of surgeons, perfusionists, nurses, and other personnel. 35 The primary and essential requirement is the capacity to provide rapid surgical support when angioplasty fails; otherwise, optimal patient care becomes seriously compromised.
On-going experience in large multicenter trials underscores the need for urgent revascularization by emergency bypass surgery in the setting of both elective and emergency angioplasty. Thus interprets the diagnostic studies leading to the procedure itself. In this latter circumstance it is imperative that the responsible physician arrange for a consulting opinion from an appropriate specialist.
Although institutional review can take many forms and will vary according to such factors as the size of institutions and departments, the number of staff, and the volume of procedures, there are some basic requirements for such review to be meaningful. At a minimum, the opportunity must exist for cardiologists and cardiac surgeons knowledgeable about the procedure to review the overall results of the program on a regular basis. Specific attention should be directed to success and failure rates and complications leading to morbidity, including emergency surgical procedures, and mortality. The review should also examine the quality and accuracy of cinearteriographic studies and the appropriateness of indications and it should discuss contraindications.
The surgical profession has long since provided a workable model for addressing these and similar issues with regularly scheduled mortality and morbidity conferences that include appropriate committee ( The selection of patients for angioplasty demands careful review of the clinical and anatomic features of each case. This is optimally done after diagnostic cardiac catheterization when unhurried review of the cineangiograms can take place (in consultation with colleagues when necessary) to determine the appropriateness of the case and plan a dilation strategy. In addition, the patient, family, and referring physician can be consulted, the therapeutic options reviewed and the risks and benefits of the procedure discussed before obtaining informed consent. This process obviously subjects the patient to a repeat catheterization with its inherent risks and recognized morbidity, adds additional days of hospitalization, introduces delay in the patient's return to work and normal physical activities, and clearly adds to the total direct and indirect costs involved. These disadvantages are counterbalanced by the overriding benefits of a careful preangioplasty evaluation, improved patient preparedness and, in many instances, more timely arrangement for surgical backup and scheduling. In particular, the evaluation of the coronary anatomy is often the most difficult aspect in the selection of patients for angioplasty; decisions made on the basis of video images can be inaccurate and can lead to increased risk for the patient. For these reasons, it is recommended that angioplasty not be performed routinely as an extension of an initial diagnostic catheterization.
There are, however, well defined subsets of patients for whom it is appropriate to contemplate performing angioplasty at the time of the initial diagnostic cardiac catheterization. This group would include patients with unstable angina who cannot be discharged from the hospital without a revascularization procedure and who are suspected of having single vessel coronary disease on the basis of age, absence of prior myocardial infarction or known coronary disease, and recent onset of symptoms. As coronary angioplasty is being utilized in ever more complex clinical and pathoanatomic situations, concern is now expressed that patients are being subjected to "incomplete revascularization" or less than optimal correction of their pathophysiologic state. In patients with multivessel disease, some operators attempt to dilate all accessible, significant lesions whereas others approach only the lesion deemed most likely to cause myocardial ischemia (the so-called culprit lesion). The surgical experience is relatively convincing that "complete revascularization," that is, graft insertion around all moderate to severe coronary stenoses, leads to a superior therapeutic result. Follow-up studies39 of patients with surgical revascularization suggest that complete revascularization not only relieves signs and symptoms of myocardial ischemia, but also it is more effective than incomplete revascularization in protecting the patient against future coronary events.
During surgery, partial or incomplete revascularization usually results from the extent or distribution of a patient's coronary artery disease and less often is a reflection of the skills and diligence of the surgical team. In patients undergoing angioplasty, partial revascularization is likely to occur for several reasons in addition to the extent and distribution of coronary disease and the extent of myocardial fibrosis. Quite clearly it also relates to the specific anatomy that determines the accessibility of lesions for angioplasty. The occurence of restenosis in one or more of the dilated lesions also may result in the development of partial revascularization. Although early graft closure after bypass surgery also converts complete to partial revascularization this is a less common phenomenon than restenosis after arterial dilation.
At present, partial revascularization after coronary angioplasty is an inherent limitation of the procedure and can be expected to occur frequently in patients undergoing multivessel angioplasty. Notwithstanding, the advocates of angioplasty in patients with multivessel disease point to the successful relief of symptoms and the elimination of objective signs of ischemia after stress tests in a high percentage of such patients in whom all lesions cannot be successfully dilated. Moreover, the claim is made that angioplasty palliates the disease process and often allows a period of clinical temporizing before surgical revascularization is required. Angioplasty also allows for a strategy of performing the dilation procedure on successive days or weeks. Multiple successive interventions are feasible and, although there is some degree of cumulative risk, angioplasty differs in this regard from aortocoronary bypass graft surgery, in which the opportunity for serial repeat thoracotomies is understandably more limited.
There has not been sufficient accumulation of clinical experience, either retrospectively or prospectively, to judge the relative advantage of angioplasty versus aortocoronary bypass graft surgery for relief of signs and symptoms of myocardial ischemia and infarction in multivessel disease. The adequacy of myocardial revascularization by angioplasty, particularly in comparison with that provided by surgery, will require randomized prospective studies in which coronary pathoanatomic subsets are closely matched. The National Heart, Lung, and Blood Institute has funded two such studies to date: one at Emory University that began in July 1987, and the multicenter BARI Trial (Bypass Angioplasty Revascularization Investigation) that began in the fall of 1987. Also of importance will be the long-term follow-up of large numbers of patients treated by these two competing interventions with matched cohorts compared by multivariate analysis. F. Cumulative Consequences of Failed Angioplasty Inherent to the strategy of coronary angioplasty is the "price of failure." This is more than the risk of a serious complication and embraces the consideration that 5 to 15% of these procedures will be initially unsuccessful and that 3 to 6% of patients will require urgent or emergent surgery to bypass a coronary artery occluded during the procedure. Furthermore, approximately 30% of the patients who have an initially successful procedure will develop restenosis of the dilated segment within 8 months and will require a second angioplasty or bypass surgery. Thus, there are a number of patients in The physicians with appropriate training and demonstrated competence in the performance of angioplasty are those who should receive proper credentialing to perform angioplasty in hospitals. It is recognized that hospitals are currently under intense pressure to grant privileges to cardiologists who have not had adequate training so as to protect the hospitals' referral base. This practice should not be condoned; rather, the responsible leadership of institutions offering coronary angioplasty as part of their health care program should insist on the documentation of accredited training and the maintenance of skills of its approved operators by some reasonable standard of practice.
In the present climate it should be clear that not every cardiologist desiring to perform angioplasty should perform the procedure. Similarly, not every institution anxious to offer the procedure as part of its health care program can be allowed to do so. A significant volume of cases per institution and per operator is essential for the maintenance of assured quality and safe care. It is the strong sense of this Subcommittee that these issues should not be resolved in the marketplace but within the structure of organized medicine. Formal credentialing should quickly be put into place and the oversight of the operational aspects and maintenance of skills should fall within the province of organized cardiology. It would seem that existing national organizations have both the resources and the manpower to meet this major obligation in a prompt and effective manner. The hospital industry must likewise alter its current practices regarding this specific form of high technology care. Success, failure, death, and morbidity mandate some form of regionalization and centralization of resources. To accomplish this mission in a responsible fashion, a deregulated industry must, in short order, demonstrate that it can accomplish this stated mission by its own sense of community responsibility, or it should give way to state and federal regulation.
Appendix B Requisite Facilities for Coronary Angioplasty
The rate of growth for coronary angioplasty within the United States over the past decade has clearly had an impact on the need for well equipped, well staffed cardiac catheterization laboratories.
The minimal requirements for facilities in any hospital where coronary angioplasty is to be performed are 1. A cardiac laboratory that is well equipped with a physiologic recording system, a high resolution fluoroscopic and cineangiographic x-ray unit, full emergency resuscitation equipment including circulatory assist devices and a full complement of drugs for treatment of myocardial ischemia or infarction, or both; 2. A surgical operating suite that is equipped to provide general anesthesia and extracorporeal circulation and has a full complement of instruments for thoracic and cardiac surgery and a full complement of drugs used for management of the cardiac patient. The optimal resources for a cardiac catheterization and radiographic facility have been carefully and exhaustively detailed in "Optimal Resources For Examination Of The Heart And Lungs: Cardiac Catheterization And Radiographic Facilities" (Circulation 1983;68:893A-930A). This report sets guidelines for administration, space, equipment, personnel, and working arrangements for diagnostic cardiovascular laboratories. Basically all of the recommendations set forth in that document apply to any laboratory planning to perform angioplasty procedures.
In addition, however, it is recommended that a laboratory performing coronary angioplasty have available the following:
1. An ample inventory of balloon dilation catheters ranging from 2.0 to 4.0 mm, a complete range of existing guide wires of variable flexibility and steerability, and two or more calibrated balloon inflation devices. 2. A high resolution fluoroscopic system and an optimal TV chain that allows ready visualization of a 0.014 inch guide wire and where still frames or " Aroad map images" can be dis- IV. "Inability to carry on any physical activity without discomfort-anginal syndrome may be present at rest."
